fruit (Lorente et al., 2012) . Munera et al. (2017b Munera et al. ( & 2017a analysed the astringency and 70 the internal quality of persimmon using hyperspectral imaging, which has the advantage 71 of obtaining both spectral and spatial information. However, one of the most common 72 techniques currently used in food chemistry is near-infrared (NIR) spectroscopy, as it is 73 non-destructive, inexpensive, rapid and reliable (Nicolaï et al., 2007; Vitale et al., 2013; 74 López et al., 2013) . This technique has been used for the quantitative determination of 75 several internal properties or compounds (Schmilovitch et al., 2000; Nagle et al., 2010; 76 Theanjumpol et al., 2013) , to determine maturity (Jha et al., 2012) and also to measure 77 quality indices (Attila & János, 2011; Cortés et al., 2016) .
78
The combination of chemometrics and spectroscopy has been applied in the food citrus fruit, achieving a prediction rate higher than 90 %. Mowat and Poole (1997) 102 found this technology useful in determining persimmon quality. Ito et al. (1997) and in 'Xichu', respectively. The most common mode used in NIRS is diffuse reflectance,
105
which acquires the reflected light in the vicinity of the illuminating point and is 106 preferable for the measurement of intact fruit (Shao et al., 2009; He et al., 2007) .
107
The aim of this study was to evaluate the feasibility of visible and NIR spectroscopy without external damage and of homogenous colour were selected (a total of 140 fruits).
117
In order to characterise the fruit at harvest, the average colour index (CI=100a/Lb,
118
Hunter parameters) was measured using a colorimeter (CR-300, Konica Minolta Inc,
119
Tokyo, Japan) and the firmness of the flesh was measured by a universal testing 120 machine (4301, Instron Engineering Corp., MA, USA) equipped with an 8 mm puncture
121
probe. The crosshead speed during the firmness test was 10 mm/min. During the test,
122
the force increased slowly until it decreased abruptly when the flesh broke, and then the 123 maximum required force (in Newton) was recorded.
124
The average CI resulted in 18.20 ± 3.32 for M1 and 21.6 ± 4.05 for M2, while firmness 125 decreased along with maturity at harvest, with mean values being 30.8 N ± 3.5 and 24.4 126 N ± 4.9 for M1 and M2, respectively.
127
In order to obtain different levels of astringency, the fruits in each maturity stage were 128 divided into five homogeneous lots. The fruit was then exposed to CO 2 treatments in 129 closed containers (95 % CO 2 at 20 ºC and 90 % RH) for 0, 6, 12, 18 and 24 h.
130
Spectroscopic measurements of the intact fruits and the flesh of half cut fruits were 131 acquired in the 8 h after each treatment with CO 2 . Figure 1 shows the location of the 132 selected points for the measurements. The degree of astringency of each fruit was determined as follows. A flesh sample of 138 each fruit was frozen at −20 ºC and the soluble tannin content was analysed using the
139
Folin-Denis method (Taira, 1995) . The results were expressed as relative soluble
140
tannins by fresh weight. Prior to this process, each fruit was cut in half and pressed onto 141 10x10 cm filter paper soaked in a solution of 5 % FeCl 3 , which resulted in an 142 impression whose quantity and intensity gave information about the content of soluble 143 tannins and their distribution (Matsuo & Ito, 1982) . This method of tannin printing is an 144 alternative technique to the Folin-Denis method used in industry in random fruits to 145 determine the level of astringency in fruit lots.
147

Visible and near-infrared spectra collection
148
The spectra were alternately collected in reflectance mode using a multi-channel 149 spectrometer platform (AVS-DESKTOP-USB2, Avantes BV, The Netherlands)
150
equipped with two detectors (Fig. 2) . The first detector (AvaSpec-ULS2048 StarLine,
151
Avantes BV, The Netherlands) included a 50 mm entrance slit and a 600 lines/mm used. The probe tip was designed to provide reflectance measurements at a 45º angle so 162 as to minimise the specular reflectance of the fruit surface.
163
Calibration was performed using a 99 % white reflective reference tile (WS-2, Avantes
164
BV, The Netherlands) so that the maximum reflectance of the reference measured over 165 the entire spectral range was 90 % of the value of saturation. Before taking the spectral 166 measurements, the temperature of the persimmons was stabilised at 24 ºC.
167
Measurements were performed at the six different points on the surface of the intact 168 persimmon and the flesh of half cut fruit (Fig. 1 
179
The dark spectrum was obtained by switching off the light source and covering the 180 whole tip of the reflectance probe. 
190
A total of 28 matrices were generated corresponding to different combinations of the combinations of points (1-6-2-5, 1-6-3-4, 1-6, 2-5 and 3-4) in both VNIR and NIR.
198
Other combinations of measured points have not been taken into account since the 199 deastringency process normally progresses from the top to the bottom of the fruit ( 
214
SNV is commonly used to eliminate the multiplicative noise due to the influence of 215 particle size or scatter interference (Rinnan et al., 2009) . SNV subtracts the mean from
216
an individual spectrum and divides it by its standard deviation (Feng & Sun, 2013) .
217
Similarly, MSC is used to compensate for the non-uniform scattering effect induced by 218 diverse particle sizes and other physical effects in the spectrum (Fearn et al., 2009; 219 Vidal & Amigo, 2012) . It linearises each spectrum to an average spectrum (derived 220 from the calibration set) and adjusts it using the least squares method.
221
Moreover, smoothing is an effective way to reduce high-frequency noise. There are 
Modelling by different calibration methods
239
Estimation of prediction error is required to evaluate the performance of fitted models.
240
Cross-validation is widely used to estimate the prediction error (Fusiki, 2011) . In this 
284
The algorithm that was applied to select the EWs was a successive projection algorithm 
Model evaluation
293
The accuracy and the predictive capability of the three different models were evaluated 294 by means of the coefficient of determination (R 2 ), the root mean square error (RMSE)
295
and the ratio of performance to deviation (RPD) obtained on the external validation set.
296
Generally, a good model must have high R 2 with low RMSE. In addition, an acceptable 297 model should have an RPD value of more than 2.5, a value above 3.0 being very good (Williams & Sobering, 1993; Viscarra Rossel et al., 2007; Kamruzzaman et al., 2016; 299 Cortés et al., 2016) . These parameters can be defined by equations 2 to 4. 
298
300 = 1 − ∑ ( ) ∑ ( ) (2) 301 = ∑ ( )(3)
RESULTS AND DISCUSSION
311
The total number of persimmon samples was 140, with a mean tannin content of Table 1 .
314 315 Table 1 . Statistical values of tannin content (%) of the studied persimmons
317
Before applying the models, the raw reflectance spectra (Fig. 3 ) of the samples were 318 pre-processed using the described methods. Thus, the PLSR, SVM and LS-SVM models were developed using both raw and pre-324 processed spectra. Samples in the external validation set were later used to evaluate the 325 performance of the models. The results (R 2 , RMSE and RPD) of the models for the 326 external validation set are shown in Table 2 and Table 3 . Table 2 shows the results
327
using the average of the six measurement points for the intact fruit set, and Table 3 for 328 the half cut fruit set. Table 2 . Results of tannin content using the average of the six measurement points with 331 all wavelengths by PLSR, SVM and LS-SVM models for the intact fruit set 332 333 Table 3 . Results of tannin content using the average of the six measurement points with 334 all wavelengths by PLSR, SVM and LS-SVM models for the half cut fruit set 335 Tables 2 and 3 show that, on average, the models with the best performance are those 336 which included SNV in the pre-processing that was applied (SNV+1-Der, SNV+2-Der, with the spectra measured at the six measurement points of the intact fruits and pre-339 processed using SNV+1-Der. Table 4 . Results of tannin content using the average of the six measurement points with
330
351
EWs for the models created by PLSR, SVM and LS-SVM for the intact fruits set 352 Table 5 . Results of tannin content using the average of the six measurement points with
353
EWs for the models created by PLSR, SVM and LS-SVM for the half cut fruit set
354
This analysis was performed for the different combinations of the six measurement 355 points, obtaining the results in Table 6 , which shows the best results for each Table 8 . Results of tannin content achieved using the average of the four measurement 380 points (2-5-3-4) with all wavelengths by PLSR, SVM and LS-SVM models for the half 381 cut fruit set
382
As in the previous case, SPA was applied for wavelength selection. Tables 9 and 10   383 show the results of these analyses for the three models and pre-processing LS-SVM), achieving an RPD>3 in the best cases, using the average of the six 397 measurement points. The best results using the prediction set were obtained using PLSR
398
and SNV+1-Der pre-processing, in the VNIR region (RPD=3.26, R 2 =0.904,
399
RMSE=0.075). Using SVM, the best results were for the NIR spectra and the 400 SNV+DOSC pre-processing. However, the analysis of the VNIR spectra using SVM 401 gave similar results with some pre-processing such as SNV+2-Der. Finally, the best results with the LS-SVM method were obtained with the SNV+DOCS pre-processing in 403 the NIR region. Regarding half cut fruit and the average of six measurement points, the 404 results were poorer than in the case of intact fruit.
405
The selection of the most important wavelengths using SPA generally improves the 406 results, especially in the case of half cut fruit. A model with an RPD greater than 3 was 407 obtained for the VNIR spectra with the SNV+2-Der pre-processing and SVM method.
408
In the case of the intact fruit, although the results did not always improve, the best result 409 of the study was obtained using PLSR with SNV+DOSC in the NIR region, with an 410 RPD of 3.46 (R 2 =0.915, RMSE=0.071). As shown in Figure 4a , the values of the 411 loading weights were higher around the 1000 nm band for the VNIR range, which 
416
For both the intact and the half cut fruit cases, the three methods analysed achieved 417 poorer predictions using the average of the four measurement points (combination 2-5- 
432
The combinations considered were SNV+1-Der, SNV+2-Der and SNV+DOSC, since 433 they showed the best performance from all the combinations evaluated. Astringency in 434 persimmon fruits was predicted using three regression techniques, such as PLSR, SVM,
435
and LS-SVM.
In addition, EWs were obtained using SPA. Depending on the method, the EWs varied 437 from 1 to 30 when the VNIR spectra were used and from 17 to 57 when using the NIR 438 spectra.
439
The best performance for intact fruits was obtained using PLSR on the full spectra of 
515
Authentication of mango varieties using near infrared spectroscopy. Agricultural 
586
Determination of mango physiological indices by near-infrared spectrometry. * Only the best prediction results for each model are shown, indicating the associated pre-processing
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